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Foreword

High resolution acoustic and environmental data are
required for new concepts in the design of weapon
systems. These design concepts require the statisti-

cal variability of acoustic and environmental data in
order to model the effects of ocean bottom and sur-
face boundaries on transmitted acoustic signals.

This report presents the biological and geoacoustic
data required to model forward, back, and out-of-
plane scattering from the sediment-water interface,
collected for Project NEAP a joint Naval Ocean Re-
search and Development Act ivity/Naval Underwater

Systems Center high frequency acoustic experiment.
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.'; G.T. Phelps, captain, USN
*Commanding Officer, NORDA
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* Executive Summary

This report covers environmental support for Project
WEAP (Weapons Environmental Acoustics Program), a

* joint Naval Underwater Systems Center (NUSC), Naval
Ocean Research and Development Activity (NORDA) high
frequency acoustic experiment, conducted 25 km east
of Montauk Point, Long Island, New York. The objec-
tive of Project WEAP was to provide the high resolu-
tion acoustic and environmental data required for new

* concepts in weapon system design.

The acoustic experiment was sited at the southern
terminus of a drowned barrier spit in 35 m of water.
Sediment and faunal samples were collected remotely2

* with a 0.025 m box core. Scuba diver collected
sediment cores were obtained to measure sediment geo-
acoustic properties.

Two sediment types (fine sand and coarse sand) were
evident from the laboratory analysis of sediment
grain size. Fine sand sediments had lower values of

0 compressional wave velocity, impedance, and bulk
density; lower reflection coefficients and higher
bottom loss and attenuation values than coarse sand
sediments..

• Geoacoustic Property Sediment Type

Fine Sand Coarse Sand

Mean Grain Size (0) 2.07 0.00
Accession 70? Porosity (%) 3 36.5 --

* NTIS GRA&I Sediment Density (g/cm ) 2.05 2.37
DTIC TAB 03 Compressional Wave Velocity
Unannounced 0 (m/sec) @ 6°C, 32.4 ppt, 36 m 1677 1728
Justificatio Attenuation (k) 2 0.22 0.17

Sediment Impedance (g/cm sec

4 Distribution/ 10) @ 6C, 32.4 ppt, 36 m 3.41 4.10
Rayleigh Reflection Coefficient 0.39 0.46

Availability Codes Bottom Loss (dB) @ normal
Avail and/or incidence 8.3 6.7

Dist Special

Measured compressional wave velocity values were 3 tor5 percent lower than the values derived from empiri-
cal predictor equations for fine sand sediments,
while attenuation values were one-half predicted

0",-

~' - - ,VV~ ~ ~ ,. ~ .* hV



*~~1 VV -A- "-LII -.. P*- .- .

Executive Summary, (continued)

values. We estimate that predicted compressional wave
velocity for coarse sand was 8 percent higher than
actual values. We, therefore, calculated sediment
acoustic properties for coarse sand sediments based
on compressional wave velocity of 1728 m/sec instead
of the empirically predicted 1878 m/sec. This yielded
lover than predicted (from mean grain size) sediment

*impedance and reflection coefficients and higher bot-
tom loss. Estimated attenuation values were also
lover than those empirically predicted.

The within core and vithin station variability of
Ssediment geoacoustic properties was low, partially a

result of sediment mixing by benthic invertebrates.
The areal (between station) variability in sediment
geoacoustic properties was high because present hy-
drodynamic and historical geological processes creat"
ed a two sediment system: a light-colored, well-

sorted, fine sand discontinuously covered a reddish,
coarse, granular sediment.

The fine sand was similar to most sediments found on
the middle Atlantic Sand Plain. This sediment was
derived from weathering products transported from
adjacent land during previous glacial regressions.
The reddish coarse sand was a lag deposit formed from
the erosion of the drowned barrier spit. The fine
sand was in dynamic equilibrium with severe storms
which occur in this area while the coarse sand was in
equilibrium with rarer, very severe storms. The areal
distribution of these sediment types was not predict-
able from historical data and probably changes with
season and severe storm events. Side scan sonar im-
agery techniques are required to delineate the dis-
tribution of both sediment types. Had the experiment
been sited 10 m deeper sediment geoacoustic proper-

ties and microtopography could have been more pre-
cisely predicted, because of less heterogeneity in
sediments.

The distribution of faunal assemblages paralleled the
distribution of sediment types. The fine sand sub-
strate (Stations 3, 4, 5, 7, 8, 9, and 10) was domi-
nated by tube-building ampeliscid amphipods, free-
burrowing haustoriid amphipods, and the sand dollar,
Echinarachnius parma. Amphipods contributed 55 per-
cent of the faunal density at these stations while

,a *



* Executive Summar, (continued)

sand dollars accounted for 79 percent of the biomass.
The coarse sand substrate (Stations 6, 11, 12, and

* 13) was dominanted by the errant polychaetes Drilon-
ereis magna, Drilonereis longa, Goniada maculata and
Glycera capitata. Also abundant was the tube-dwelling
polychaete Clymenella torquata.

Bioturbation by the sand dollar, Echinarachnius

* parma, mixed the upper few centimeters of sediment,
changing sediment geoacoustic properties and modify-
ing and distroying microtopography. E. parma probably
contributes to bottom forward and backscatter at 40
and 80 kHz where their calcareous bodies act as point
surface scatterers, and at all frequencies where sand
dollars overlap. The sediment microtopography created
by E. parma probably contributes to resonance scat-
tering of all frequencies used in Project WEAP (5 to
80 kHz).

It is estimated that, the tube dwelling polychaete
* Clymenella torquata turns over the upper 20 cm of

sediment at one station in 0.42 yr. This activity may
create considerable microtopography and sediment vol-
, ume heterogenity in geoacoustic properties, which
probably contributes to resonance and volume scatter-
ing at the coarse sand stations.

Recommendations for future shallow-water acoustic ex-
periments are given. Collection of in-situ environ-
mental data is suggested. The use of extensive pre-
site surveys is strongly urged in order to site the

experiment in a homogeneous area or at least in an
area where heterogeneities can be predicted and
mapped. Detailed methodologies and philosophies for
environmental sampling are given. These approaches
should yield the physical and empirical submodels re-
quired to extrapolate acoustic bottom reverberation
prediction beyond the measured data.
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Environmental Support for Project WEAP East
*of Montauk Point, New York, 7-28 May 1982

Part A: Sediment Acoustic and Physical Properties ii. Materials and Methods
* Michael 0 Richardson, Richard P Ray A. Description of Study Site
* I. Introduction

5Experiments were conducted at a site
This report covers environmental support 25 km eas. of Montauk Point, Long
for a joint Naval Underwater Systems Island, New York (41*04'N, 71*35'W)
Center (NUSC), Naval Ocean Research and (Fig. 1). This site was chosen for log-

* Development Activity (W.P.DA) high fre- istic and environmental reasons. The
quency acoustic experiment. The experi- presumed bottom type, a gray-white sand
ment was conducted 25 km east of Montauk with current controlled sand waves
Point, Long Island, New York (41*04'N, (McMaster and Garrison, 1967), was con-
71035'W) in a water depth of 35 m. sidered a good reflector and scatterer

of acoustic energy. During May, the
* The objective of Project WEAP (Weapons sound speed gradient would be slightly

Environmental Acoustics Program) was to negative causing downward refraction
provide the high resolution acoustic and propagation conditions, an obvious

A-. environmental data required for new con- requirement for bottom scattering ex-
cepts in the design of weapon systems. periments (Roderick, 1982). The water
These design concepts require the sta- depth, 35 m, was within the operational
tistical variability of acoustic and en- limits of scuba divers, who took stereo-
vironmental data in order to model the photographs for bottom roughness deter-
effects of ocean bottom and surface mination. The site was also a short
boundaries on transmitted acoustic sig- transit from port for the research ves-
nals. sels, USNS LYNCH and R/V SHOCK, involved

in the experiment.

0 In this report we provide the 
biological

and geoacoustic data required to model Bathymetry, morphology and surficial
forward, back and out-of-plane scatter- sediment properties of the middle Atlan-
ing from the sediment-water interface, tic Bight have been summarized by Duane
Acoustic scattering and bottom roughness et al. (1972), Swift et al., (1972,
data will be reported elsewhere. 1973), Schlee (1973), and Freeland and

Swift (1978).
The combined environmental and acoustic
data will not only be important for The inner continental shelf topography
weapon systems design and performance is dominated by a ridge and swale topog-
prediction but invaluable for acoustic raphy. Ridges off Long Island are about
submodel development and verification 2 km apart and have 2-10 m amplitudes.
(Stanic et al., 1983). Most of the em- These features, once thought to be
pirical predictive submodels used today relicts of barrier island and beach dune
are based on limited data sets, have not topography, are now considered to be in
been validated, or do not cover the ac- dynamic equilibrium with present hydro-
oustic and environmental conditions of graphic conditions (Duane et al., 1972

- interest to weapon system developers. It and Swift et al., 1973).
is hoped that this project will provide

. the high quality environmental data re- The study site is part of the drowned
quired to solve some of these problems. barrier spit-lagoon-headland complex
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described by McMaster and Garrison Garrison (1967) (Fig. 2, transect Z).

(1967) (Fig. 2). This feature was pre- Sediments graded from boulder size par-

served because this particular barrier ticles at 23 m to a poorly sorted mix-

spit was tied to a rocky peninsula of ture of sand and gravel at 27 m. Below

glacial debris (Swift et al., 1972). The 27 m poorly sorted sediment was gradu-

acoustic experiment was sited at the ally replaced by a reddish, well-sorted,

southern terminus of the drowned spit in granular sediment. This reddish sediment

a water depth of 35 m. Sediments that was covered by a light-colored, well-

formed the spit were probably eroded sorted fine sand below 33 m. The light-

V glacial material from the rocky head- colored fine sand was characterized by

land. small, irregular discontinuous ripple

marks which migrated under the influence
* Visual observations from a submersible of tidal currents while the reddish

- were made of the spit by McMaster and granular sediments were characterized by

'p

41010' Block Island

; , "-" " ~27.5 -!

-28 30

393 "/.5 " " /"

: ~~25"2-,

41005' spit25

'\ 40 45-,

71035' 71030' 71025'
'v

4 Figure 2. Bottom topography near the experimental site showing the drowned

barrier spit-lagoon-headland complex. Cross hatched area represents the

- experimental site.
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larger (75 cm period, 15-20 cm ampli- and vertical distribution of sediment
tude) symmetrical ripples, grain size. Cylindrical acrylic cores

were used by scuba divers to collect
B. Field Collection sediment at a location midway between

parametric projector and hydrophone re-
46- A plan view of the experimental site ceiving array (Station 14). These sam-

with locations of sediment samples, the ples were used to determine sediment
parametric projector-receiver, and the acoustic and physical properties near
hydrophone receiving array is presented the infection point for comparison with
in Figure 3. Samples were collected ei- acoustic forward scattering data.

ther remotely with a 0.025 m2 box core All cylindrical cores were 45 cm long,
or directly by scuba divers (Table 1). had a 6.1 cm inside diameter, and were

bevelled at one end to improve penetra-
Subsamples consisting of either 10 g of tion into the sediment. Diver-collected
sediment from the surface or cylindrical cores were capped at both ends immedi-
sediment cores were collected from re- ately after collection to retain over-
trieved box cores (Stations 1-13). These lying water and kept in an upright po-
samples were used to determine the areal sition during transport. We were unable

41°04.1' 6. .13
712 .X Receiving Array

Tower 
14

i 5. ".

92
"3

* 41'03.7' Plan View WEAP Experiment
W

Figure 3. Plan view of experimental site showing the location of the parametric
projector-receiver, hydrophone receiving array and thirteen sampling sites.a
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10

o Table 1. Summary of sample locations Band Pass Filter and a Hewlett-Packard
1743A dual-time interval oscilloscope

were substituted for the electronics
Station Latitude Longitude Depth (W) unit and oscilloscope usually employed

with the USI-103 Velocimeter (Fig. 4).
I 41"03.29' 71032.99' 41.1 These substitutions increased resolution
2 4103.81, 71302.63, 36.3 of compressional wave velocity measure-
4 41003.81 71052.67, 36.6 ments and provided accurate measurement

4 4103.85' 71032.67' 5* of received voltages required for atten-

6 41103.990 71"32.7' 36".6 uation measurements.641°03.99' 71132.84' 36.6

7 410397 7132.77, 35 The transducer was driven with a 400

8 4104.00' 71032.76' 35.4 kHz, 20 volt p-p sine wave triggered for

9 4103.99, 71032.791 36.0 251A duration every 2 msec using the
10 41004.001 71032.74, 34.4 pulse generator and function generator.

*I 41I03.94, 71032.721 35.0* The received signal was filtered (1-1000
12 41"03.98, 71"32.62, 35.0* kHz high cut-off and low cut-off) prior

13 41 *04.0 71032.641 35 * to making time delay and received volt-
14 4103.95' 7132.65' 35.* age measurements. Time delay measure-

_ _ _ments were made at the fourth sine wave

* Estimated depths zero crossing. Received voltage measure-

*ments were made utilizing the maximum

peak height of the fourth sine wave.

.to retain water overlying the sediment
in the box core samples because of the

poor sealing characteristics of the box

core in these coarse grained sands. TRIGGER DUAL TIME INTERVAL

* Acoustic measurements were, therefore, OSCILLOSCOPE
not made on box core samples. I

Acoustic measurements on cores collected PULSE GENERATOR

at Station 14 were made at sea within 12

hours of collection. All sediment sam-
*• ples were then transported on ice to

* laboratory facilities at NSTL for physi-

cal property analysis. FUNCTION GENERATOR

C. Laboratory Analysis

Sediment temperature was equilibrated to BAND-PASS
*; room temperature prior to acoustic meas- FILTER

urements. Temperature and salinity of
the overlying water were measured with a

YSI Model 43TD temperature probe and an
AO Goldberg temperature-compensated,

salinity refractometer.

Values of sediment compressional wave USI TRANSDUCER

velocity and attenuation were determined SEDIMENT CORE

at 1 cm intervals in the core samples
- with an Underwater System, Inc. (Model
j " USI-103) transducer-receiver head. A Figure 4. Block diagram of compressional

Tektronic PG 501 Pulse Generator and FG wave velocity and attenuation measuring
504 Function Generator, Krohn-Hitz 3100R system

J-
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Sediment compressional wave velocity was with an ATM Sonic Sifter for gravel and

determined by comparison of similar time sand sized particles and by the pipette

delay measurements made on the overlying method for percent silt and percent

salt water and sediments using the fol- clay. Mean phi, standard deviation, kur-
lowing formula: tosis, and normalized kurtosis were cal-

•) .- culated according to the graphic formula
C(w) of Folk and Ward (1957). Porosity was

V 1 -AtC(w) (I) determined as weight loss of sediment

d dried at 105°% for 24 hours.

where V is the sound velocity through IIl. Results
sediment (m/sec); C(w) is the sound ve-
locity through salt water (m/sec); At is A. Sediment Physical Properties
the measured time arrival through sedi-
ment (sec); and d is the inside diameter Two sediment types were evident from the
of the core (m). All sound velocities laboratory analysis of grain size (Ap-
were calculated at the temperature, sa- pendix A). Stations 3, 4, 5, 7, 8, 9,

linity and pressure (23°C, 35 ppt, 1 10, and 14 were characterized by moder-
atm) suggested by Hamilton (1971) and ately well-sorted, near symmetrical to
the approximate in situ conditions at coarse-skewed fine sand. Stations 2, 6,
the time of the experiment (6*C, 32.4 and 11 were characterized by poorly
ppt, 35 m). sorted, near symmetrical to fine skewed,

coarse to very coarse sand. Stations 12

Attenuation measurements were calculated and 13 contained poorly sorted, near
as 20 log of the ratio of the received symmetrical coarse to very coarse sands
voltage through salt water versus re- which apparently contained a mixture of

ceived voltage through sediment. Attenu- the other two sediment types.
ation measurements were extrapolated to

a I m path length and reported as dB/m Sediments collected from the fine sand
(Hamilton, 1972). Attenuation was also substrate had a nearly uniform distribu-
expressed as a sediment specific con- tion of sediment grain size properties
stant (k): throughout the length of each core. Sed-

iments collected from the coarse sand

a= kfn (2) substrate (Stations 2 and 11) had great-
* .. * *er downcore variability in grain size

where a is the attenuation of compres- properties. Mean grain size, a predictor
sion waves in sediment (dB/m), f is the of sediment acoustic properties, follow-

transmitted signal frequency (kHz) and n ed the same trends as the dominant phi
is a measure of frequency dependence. If modes (Fig. 5).

n is assumed to be 1 (Hamilton, 1972),
then the sediment specific constant (k) Porosity values ranged from 34.5 to
can be used to compare sediment attenua- 38.2% for sediment collected by scuba
tion to other sediment physical proper- divers from Station 14 (Fig. 6). Surface
ties such as porosity and mean grain porosity value of 41.1% from core 14-2

size without regard to the frequency at probably resulted from inclusion of the
which the measurements were made. overlying water in the 0-2 cm sediment

fraction. Porosity values decreased 3%

After acoustic measurements were made, with depth in core 14-2 but remained
sediment from the three replicate cores constant in core 14-1.

*, from Station 14 and from Stations 2, 3,

d 4, 5, and 11 were extruded and sectioned B. Sediment Acoustic Properties
at 2 cm intervals for grain size analy-

-- sis. Sediment grain size distribution Sediment compressional wave velocity

was determined for all sediment samples (m/sec); velocity ratio; and attenuation

'224.
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(a) expressed as dB/m @ 400 kHz, and k IV. Discussion
were calculated at 1 cm intervals for
the three cores collected from Station A. Variability of Sediment Geoacoustic
14 (Table 2). Compressional wave veloci- Properties
ty was calculated for the approximate in-
situ conditions of 6*C, 32.4 ppt salini- It has been shown that sediment geo-
ty and 36 m water depth. acoustic properties such as compres-

sional wave velocity, sediment mean
We found no significant difference in grain size, and sediment porosity can be

O the mean values of velocity or attenu- quite variable in shallow coastal marine
ation between the three cores collected sediments (Richardson et al., 1983a, b).
at Station 14 (Table 2). A slight in- The within core variability (Table 3) of
crease in compressional wave velocity sediment geoacoustic properties from
with depth in cores of 10 to 20 m/sec this experiment was about the same as
was noted (Fig. 7). Compressional wave for samples collected from sandy sedi-

• attenuation was too variable for down- ments one mile off Mission Beach, Cali-
core trends to be evident (Fig. 8). fornia, (Richardson et al., 1983b) but

much lower than for silty-clay sediments
from Long Island Sound (Richardson et
al., 1983a).

Nm Sie Im
0

. .. . . . . . . . . . . . . . . .

- 14.

4 2 2A 2.02 1

13.60 H. 1-

* 90

J 100 6. V

,.0 11.016. 202.

18.0 I1.0

20.0 1I.0

-14-2

-,"-22.0
20.0

Figure 5. Vertical distribution of sedi- 22.0

ment mean grain size (0) for cores col-
lected at Stations 2, 3, 4, 5, 9, 1.1 and
14 and mean grain size for surface Figure 6. Vertical distribution of por-
samples collected at Stations 6, 7, 8, osity (%) for two cores collected at
10, 12 and 13 Station 14
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Table 2. Values of compressional wave Within station variability of sediment
velocity, velocity ratio, and attenuation geoacoustic properties for Station 14
measured from three cores collected at was not significantly greater than for
Station 14 individual co.es. Areal (between sta-

tion) variability in mean grain size was

Depth (cm) VRtio c k considerable. Mean grain size values for
-- "._-_ __ the upper 2 cm of sediment ranged from

Station 14-1 -0.57 0 at Station 6 to 2.51 0 at Sta-
tion 5. These differences were related

.to the biological processes, hydrodynam-

1.0 1649.3 1.120 125.3 0.313 ic processes, and historical causes dis-
2.0 1663.3 1.130 81.8 0.205 cussed in Part C.
3.0 1661.1 1.133 78.1 0.195
4.0 1668.0 1.133 83.7 0.209 B. Prediction of In-situ Sediment Impedance,
5.0 1673.7 1.137 93.53 0.13 Attenuation and Bottom Loss at Normal
6.0 1668.5 1. 134 125.3 0.313 Incidence
7.0 1677.6 1.140 115.5 0.289

8.0 1684.3 1.144 89.5 0.224 Sediment physical properties such as
9.0 1684.8 1.145 85.6 0.214 porosity and mean grain size can be used

10.0 1687.7 1.147 81.8 0.205 to calculate sediment impedance and bot-
11.0 1683.3 1.144 106.3 0.266 tom loss (Table 4). These values are

StatIon 14-2 required as inputs for submodels which

1.0 1637.3 1.112 205.0 0.512
2.0 1651.6 1.122 101.9 0.255 CuuI Wmnd Wm Vu dtyAiti
3.0 1660.9 1.128 89.5 0.224
4.0 1664.2 1.131 85.6 0.214
5.0 1671.3 1.135 89.5 0.224 .1 s js I .j U

6.0 1669.4 1.134 74.5 0.186 U I l

7.0 1680.9 1.142 81.8 0.205
8.0 1682.9 1.143 74.5 0.186 1 1 4-i

9.0 1686.2 1.146 74.5 0.186 20

10.0 1692.6 1.150 83.7 0.209
11.0 1690.6 1.149 104.1 0.260
12.0 1683.8 1.144 93.5 0.234
13.0 1676.6 1.139 93.5 0.234
14.0 1679.0 1.141 93.5 0.234

15.0 1682.9 1.143 83.7 0.209
16.0 1691.1 1.149 93.5 0.234 8.0

17.0 1691.1 1.149 93.5 0.234 1

18.0 1691.1 1.149 115.5 0.289 10.0 14-

Station 14-3 12.0

1.0 1643.7 1.117 100.9 0.252 14.0

2.0 1646.0 1.118 88.1 0.220
3.0 1648.3 1.120 92.3 0.231 6.0

4.0 1644.2 1.117 88.1 0.220
5.0 1640.0 1.114 69.1 0.173
6.0 1647.4 1.119 78.3 0.196

7.0 1656.2 1.125 69.1 0.173
* 8.0 1657.7 1.126 69.1 0.173 Figure 7. Vertical distribution of com-

9.0 1657.7 1.126 69.1 0.173 pressional wave velocity ratio for three
10.0 1654.8 1.124 69.1 0.173 cores collected at Station 14
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predict acoustic backscatter at the Compressional wave velocity was also
sediment-water interface, measured directly at Station 14. All

3 values are calculated for the approxi-
O Sediment bulk density, p (g/cm ), was mate in-situ conditions of 6*C, 32.4 ppt

predicted from mean grain size (M salinity and 36 m water depth. Impedance
using equation (3) from Hamilton and was calculated as the product of density
Bachman (1982) and compressional wave velocity.

p - 2.374 - 0.1754 + 0.008H2z" (3) The Rayleigh reflection coefficient (R)

Z O for compressional waves at normal in-

cidence to the sediment-water interface
Where possible sediment bulk density was

-, also directly calculated from porosity
g/m 3  Table 3. Within-core and within-stationV assuming a grain density of 2.65 g/c

* (quartz) and an interstitial water den- variability of sediment geoacoustic proper-
S3 ties for thirteen stations occupied during

sity of 1.0255 g/cm3 . Compressional wave project WEAP
velocity was predicted from mean grain
size using the following equation from
Hamilton and Bachman, (1982) Core Mean OOBS Variance STO Dev

O V = 1952.5 - 86.26M4 + 4.14M 2 . (4) Mean GraIn Size (0)p z z__en___in_ lze_(_

2-1 0.03 10 0.07 0.26
,,J ComiuimmWav Attenutio (h) 2-2 0.18 8 0.07 0.26

a a 3 s 5 M [a 3 2.45 6 0.00 0.27
4 2.89 7 0.54 0.74W NJ M W W Nd

5 2.48 5 0.00 0.02
9 2.21 6 0.00 0.05

_____:____. ,_.____ 11-1 0.68 9 0.02 0.15
* -* .p,- 14-1 2.08 7 0.0004 0.0195

2.0 -14-2 14-2 2.01 11 0.0094 0.0970

14-3 2.07 7 0.0016 0.0400
4 14 (1-3) 2.067 25 0.0178 0.1333

Compresslonal Wave Velocity Ratio

14-1 1.1434 11 0.00003 0.00579
,. 14-2 1.1456 17 0.00007 0.00827
* 14-3 1.1258 9 0.00002 0.00455

1 0.0 1- 14-1 14 (1-3) 1.1402 37 0.00011 0.01066

12.0 Compresslonal Wave Attenuation (k)

14.0 -14-2 14-1 0.238 11 0.0015 0.0393
r 14-2 0.225 17 0.0008 0.0276

16.0 14-3 0.192 9 0.0006 0.0248
14 (1-3) 0.2208 37 0.0012 0.0347

1. o ePorosity (%)

Figure 8. Vertical distribution of corn- 14-1 37.79 7 0.085 0.291

pressional wave attenuation (k) for 14-2 35.69 10 0.619 0.787

three cores collected at Station 14 14 (1-3) 36.55 17 1.510 1.229

4v 9 "9
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was calculated as the impedance mismatch The fine sand sediments had lower mean
between water I(w) and sediment I(s) density (2.01 vs 2.37 g/cm ), compres-
(Hamilton, 1970), where impedance (I) sional wave velocity (1698 vs 1878
was the product of the compressional m/sec), impedance (3.44 vs 4.46
wave velocity and density of sediment or -2 5
water. gcm sec ) and Rayleigh reflection

coefficient (0.39 vs 0.49 %) values and

R = I(s) - l(w) (5) higher mean bottom loss (8.2 vs 6.2 dB)
I(s) + I(w) values than the coarse sand sediments.

Bottom loss (BL) was calculated in dB Previous experiments (see Section D)
after Hamilton (1970) suggest Hamilton's predicted compres-

sional wave velocity values may be too
BL - -20 log R. (6) high for coarse grained sediments. We,

Table 4. Measured and predicted surfical sediment geoacoustic properties for
thirteen stations occupied during project WEAP. Mean grain size (0) values

were measured while sediment density (p, g/cm3 ), velocity ratio (Vp ratio),

impedance [I, (glcm2sec) 105 1, Rayleigh reflection coefficient (R), and
bottom loss (BL, dB) were predicted, except where footnoted.

Station 0 P V, 1, R BL

2 0.04 2.367 1874 4.44 0.492 6.16

3 2.46 1.992 1697 3.38 0.382 8.36
4 2.50 1.987 1695 3.37 0.381 8.38
5 2.51 1.985 1694 3.36 0.380 8.40

6 -0.57 2.474 1926 4.76 0.518 5.71

7 2.14 2.036 1718 3.50 0.397 8.02
8 2.22 2.025 1713 3.47 0.394 8.09
9 2.23 2.024 1712 3.47 0.394 8.09

10 2.21 2.026 1713 3.47 0.394 8.09
11 0.58 2.275 1830 4.16 0.467 6.61

12 -0.12 2.395 1887 4.52 0.499 6.04
13 0.10 2.357 1869 4.41 0.490 6.20

14** 2.10 2.042 1721 3.51 0.398 8.00
14 2.10 2.050 1662 3.41 0.386 8.27

Coarse** 0.00 2.374 1728 4.10 0.462 6.71

Sand

Calculated at Insitu conditions of 6C, 32.4 ppt salinity and 36 m
water depth.

C Density (P) calculated from measured porosity values and

compresslonal wave velocity (Vp) directly measured.
**Mean Predictions for coarse sand sediments based on a compressional

wave velocity of 1728 (see text). (Stations 2, 6, 11, 12, and 13).

10
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therefore, calculated sediment geoacous- attenuation data, a k value of between
tic properties based on a mean compres- 0.15 to 0.20 seems reasonable. Sediment

* sional wave velocity of 1728 m/sec. The attenuation values would therefore be 10
coarse grained sediments (Stations 2, 6, to 30% lower at coarse sand stations (2,
11, 12, and 13) then had a predicted sed- 6, 11, 12, and 13) compared to fine sand

iment impedance of 4.10 gcm- 2 sec ' 105' stations.

a Rayleigh reflection coefficient of
0.46%, and a bottom loss of 6.7 dB at C. Correlation Between Sediment Geoacoustic
normal incident. Properties

At Station 14, bottom loss and Rayleigh Correlations between sediment geoacous-
reflection coefficients predicted given tic properties were restricted to data
mean grain size were the same as bottom collected at Station 14. Attenuation
loss and reflection coefficients calcu- values were not correlated with any oth-
lated directly from porosity and com- er measured geoacoustic property while
pressional wave velocity measurements. porosity (%) and compressional wave vel-
We, therefore, made no attempt to calcu- ocity had a weak (90%) negative correla-
late different sediment geoacoustic tion (Fig. 9). Sediment mean grain size
properties than those predicted by mean was negatively correlated with compres-

1 grain size at stations with fine grained sional wave velocity ration at the 99.9%
sediments (Stations 3, 4, 5, 7, 8, 9, levei and positively correlated with
and 10). porosity at the 99% level. Although

these correlations correspond to other
The attenuation of compressional waves empirical relationships (Hamilton, 1980,
(a) in sediments at frequencies used in Hamilton and Bachman, 1982), the narrow
the experiment can be calculated if the range of geoacoustic values in this data
exponent of frequency (n) in equation set preclude any meaningful conclusions.
(2) is assumed to be 1 (Hamilton, 1972).
Mean attenuation at Station 14 was 88 D. Comparison with Geoacoustic Predictor
dB/m at 400 kHz for a k value of 0.22. Equations
There were no apparent trends with

- depth. Acoustic forward scattering ex- Numerous empirical predictor equations
periments in WEAP utilized transmit fre- between sediment acoustic and physical
quencies of 5, 10, 15, and 20 kHz and properties have been developed by the
backscattering experiments utilized simultaneous measurement of both proper-
transmit frequencies of 5, 10, 15, 20, ties (Nafe and Drake, 1963; Horn et al.,
40, and 80 kHz. At those frequencies the 1968; Buchan et al., 1972; and Anderson,
sediment attenuation would be 1.10 dB/m 1974, for example). The most recent and
@ 5 kHz, 2.20 dB/m @ 10 kHz, 3.31 dB/m @ comprehensive are those of Hamilton and
15 kHz, 4.41 dB/m @ 20 kHz, 8.82 dB/m @ Bachman (1982) for prediction of com-
40 kHz, and 17.64 dB/m @ 80 kHz. These pressional wave velocity and Hamilton
attenuation values are also probably (1980) for prediction of attenuation.

.- good estimates for the attenuation at Comparisons between Hamilton's predictor
Stations 3, 4, 5, 7, 8, 9, and 10. equations and our measured values for

Station 14 are presented in Table 5.
Attenuation measurements were not made
at the coarse sand stations and are Predicted compressional wave velocity
outside the limits of Hamilton's (1972, ratios were 3-5 percent higher than
1980) predictor equations. Using the measured values. This is equivalent of a
results of this experiment, attenuation 55-93 m/sec higher predicted compression
measurements off Mission Beach, Cali- wave velocity and translates into a
fornia, (Richardson et al., 1983b) and higher predicted sediment impedance and
extrapolating Hamilton's (1980) graphic Rayleigh reflection coefficient and a

-- o
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lower predicted bottom loss than those Table 5. Comparison of measured and
more directly measured (Table 4). Al- predicted sediment acoustic properties
though not measured it was estimated for sediments collected at Station 14.
that the predicted bottom loss for the Predicted values based on equations
coarse sand sediments was 8 percent too given by Hamilton and Bachman (1982)
high. and Hamilton (1980).

Predicted attenuation values were more

than double those actually measured. Predicted Given
Measured values were outside the enve- Geoacoustic Mean Grain
lope of predicted attenuation from Property mured Size Porosity

." Hamilton (1980).
Compressional wave
velocity ratio 1.1402 1.171 1.197

Attenuation k) 0.22 0.51 0.47

Porosity (S) 36.6 39.6 --

C ~mid Ways Vuheity RatioOtv1%

IR N W W . .IW W W I

I i h h N N II N 4 4 a a
I W I a a a R a

N.12K a. 17

U. I KU \ 1.211B*

dS i. I.., 2.,, 1".

R~B E. 2

*N. ME

--.4... .. l B]' l

S1N. 27K

. 3111.21

0.325 *. sil

a) attenuation with velocity ratio b) attenuation with porosity

Figure 9. Regressions of sediment geoacoustic properties for three
cores collected at Station 14

12



Mm Gk M) M= G= im (0)

8.1- - N Si hiI- -12

- - - U U U U d .. . . .

9.17

-, 3.12K1.130

* 3.1Km 1.12B

31.135

1.14

"- 3.2m\ i2

0.38 1.145

2 1.1 4

W 3.2 1.15

c) attenuation with mean grain size d) velocity ratio with mean grain size

Mw Gmu S (i.) Cr n ofseWmdimn g oly Retis

for~ ~ ~~ the oescletd at Stton

W W X I N A

34. K 34.5

" I

31.0 3K.K

S 35. * 35.3

37. 37. N

37.5 37.3

*113

333 ** 333 *



Part B: Species Composition, Abundance and Biomass dollar biomass was 1572 gm/m-2 . At

of Macrobenthos Stations 3, 8, and 10, their contribution

John H. Tietjen to macrofaunal biomass averaged 92% of
the total. Arthropods, represented main-

I. Introduction ly by ampeliscid and haustoriid amphi-
pods, while dominant numerically, were

The objective of this phase of the pro- not very important in terms of biomass.
ject was to provide qualitative and Annelids (especially Clymenella tor-
quantitative information of the distri- quata) were important contributors toabution of macrobenthic animals in the biomass at those stations where E. parma

experimental test site. Correlations of populations were low or absent (Stations

the acoustical properties of the sedi- 6, II, 12, and 13). Other large animals

ments with animal distributions will be which contributed significantly to mac-
made in Part C. rofauna biomass were Mercenaria mer-

cenaria at Station 1, Edwardsia sp at

1I. Methods Stations 5 and 12, and the hemichordate,
Stereobalanus canadensis, at Stations 5,

Twelve samples were taken aboard the 6, and 10.

USNS LYNCH on 25 May 1982 with a 0.025
2 Twenty species had mean relative abun-
m box corer (Table 1, Fig. 3). Sedi- dance of more than 1%; these are listed
ments were washed on board ship through in Table 9. The sand dollar Echinarach-
a 0.500 mm mesh sieve and preserved in nius parma appears to exert a dominant

S. 5% buffered sea water-formalin. Identi- effect on the macrofauna of the area. An
fications were made to lowest identifi- inverse correlation (Kendall's tau) be-
able taxon. Wet weights of the animals tween E. parma abundance, and polychaete
were measured by blotting individual (T = -0.80, p < .01) and crustacean (T =

animals in paper towels and weighing -0.69, p < .05) abundances existed at
them on a Mettler HS microbalance the study site. Furthermore, at those
( ;±1g). stations where E. parma accounted for

more than 3% of the total individuals
IlL. Results and Discussion present (Stations 1, 3, 4, 7, 8, and

10), the densities of polychaetes and
The estimated population densities per crustaceans were significantly lower

-2 2 and relative abundances of all ani- than at those stations (Stations 6, I,
mals identified are given in Table 6. 12, and 13) where E. parma densities
.4/ 2 were less than 1% (Mann-Whitney U test,
Population densities per m ranged from p < .05). Given the average wet weight
440 (Station 13) to 6000 (Station 12). cm2 )

Annelids and anthropods were the most (2.62 gi) and surface area (10 cm of
abundant phyla at most stations, but the E. a individuals collected in

c dthe study area, their dominant position
echinoderms (specifically the sand dol- in the macrofaunal community is appar-
lar, Echinarachnius parma) were dominant
at Stations 3, 8, and 10 (Table 7). ent.

Biomass (g wet wt. m 2 ) of the macro- Faunal affinities among the stations

fauna is given in Table 8. Because of were examined employing the Bray and
(.2gn, Curtis (1957) similarity coefficients

their large average weight which were clustered using group average
Echinarachnius parma individuals con- so
tributed significantly to benthic bio- srting (Fig. s0). At least two major
masa hoesaioswee hywr clusters of stations exist: those at
mass at those stations where they were which Echinarachnius parma densities are
present. At Station 4, for example, less than 1% (Stations 6, 11, 12, and

2
where they numbered 600 per m , sand

.4
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13) and those at which E. parma popula- stations overlapped those at Stations 6,
tion densities are greater than 1% 11, 12, and 13, where E. parma comprised
(Stations 1, 3, 4, 5, 7, 8, 9, and 10). less than 1% of the macrobenthic popula-
Within the latter group, Stations 5 and tions. Thus it appears that extremely
9 form a subgroup, based on the high high abundances of E. parma may contri-
abundances of Ampelisca verrilli and A. bute to lower benthic diversity, perhaps
agassizi shared by both stations (Ta le by simply physically excluding other
9). Station 12 was also dominated by species from the area occupied by the
amphipods, but the dominant species were sand dollars. No other obvious relation-
different (Orchomonella minuta and Sten- ships between macrofaunal diversity, and

" othoe minuta). the presence or absence of particular
animal species, was observed at the WEAP

Macrofaunal species diversity was cal- stations.
culated from the Shannon-Wiener informa-
tion function (H'), and species evenness In summary, the sediments in the area of
by ' (Pielou, 1975). Species richness Project WEAP were dominated numerically
(SR) was estimated by SR - (S-l)/in N, by the sand dollar, Echinarachnius par-
where S is the number of species and N ma, ampeliscid and haustoriid amphipods,
the number of individuals in a sample and several polychaete species (Clymen-

- (Margalef, 1958). Results are given in ella torquata, Goniada maculata, Laonice
Table 10. cirrata, and Glycera capitata). An in-

verse relationship between sand dollar
- Species diversity (especially species abundance and the abundances of crusta-

richness) was lowest at Stations 4 and ceans and polychaetes was evident, and
7, at which the sand dollar, Echinarach- served to separate the sediment in the
nius parma, attained maximum dominance Project WEAP area into two major groups.
(50.0% and 46.2% of the total number of
animals present at each station, respec-
tively). At Stations 3, 8, and 10, E.
parma constituted 20.9, 17.1 and 16.7%

, of the macrofauna present; however, di-
versity and richness values at these Table 10. Species diversity (H'), even-

ness (J'), and richness (SR) of macro-
fauna collected at Project WEAP site,
Block Island Sound, May 1982

Station
% 100 7 3 8 10 1 5 9 6 12 II 13

Spec Ies Spec Ies
o Diversity Evenness Richness

Station (HO) (J') (SR)

1 2.95 0.70 6.40

z 40- 3 2.48 0.66 3.99
4 1.64 0.48 2.06

• 20- 5 2.30 0.49 4.50

6 2.08 0.43 3.76
0--"7 1.64 0.64 2.34

8 2.31 0.62 2.96
9 2.34 0.49 4.83
10 2.42 0.67 3.63

Figure 10. Dendrogram formed by group- 11 2.03 0.41 3.47

average sorting of Bray-Curtis similarity 12 2.49 0.48 4.56
values between all possible pairs of 13 2.4 0.78 2.74

stations 13 2.04 0.77 2.74

22
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Part C: Discussion, Conclusions and Recommendations dollars right themselves by working an-
Michael D Richardson, John H. Tietjen terior ends into the sediment, gradually

erecting into a vertical position and
1. Effects of Biological Process on Sediment falling over, ventral side down (Fig.

Geoacoustic Properties llc). All these activities mix the upper
few centimeters of sediment thereby

The physical characteristics of marine changing sediment geoacoustic properties
sediments are profoundly affected by the and creating and destroying sediment
activity of benthic organisms. This ac- microtopography. E. parma is also part
tivity, bioturbation, includes burrow- of the microtopography occurring at dif-
ing, ingestion/digestion/defecation, ferent angles (Fig. llc) and packed so
tube building, biodeposition, cementa- densely that they occur on top of each
tion and metabolic activities (see other (Fig. lld).
Rhoads, 1974, for review). Bioturbation
has been shown to influence the follow- The second lifestyle was filter feeding
ing properties of sediments, among by tube dwelling amphipods (Ampelisca
others: porosity, mean grain size, and verrilli, A. vadorum, A. agassizi,
bulk density; compaction and cohesion; Byblis serrata, Microdeutopus gryllotal-
particle orientation and distribution; pa, Uniciola irrorata and Corophium bon-
and microtopography (Richardson and elli) and polychaetes (Laonice cirrata).
Young, 1980). Bioturbation by benthic Numerous tubes of these species extend
animals has also been shown to alter the above the sediment-water interface (Fig.
acoustic properties of marine sediments 12). All these species feed either by
by their direct effect on sediment phys- filtering particles from the overlying
ical properties and by their influence water or selecting faunal or detrital
on erosional and depositional events particles from the sediment surface

* (Richardson et al., 1983a). (epistratal feeding). Suspension feeding

can act as a mechanism to increase sedi-
We examined the biology of the dominant mentation of fine grained silts and
species collected on both substrate clays thus changing sediment properties
types at the WEAP site to determine the (Mills, 1967). Tubes can also change the
possible effects of bioturbation on sed- hydrodynamic environmental at the sedi-

* iment geoacoustic properties. We have ment-water interface. The presence of
also examined stereophotographs supplied high densities of tubes has been shown
by W. I. Roderick (NUSC) for possible to stabilize (Fager, 1964; Mills, 1967;
effects of biological processes on sedi- Myers, 1977b) and destabilize (Eckman et
ment microtopography or bottom rough- al, 1981) the sediment, and alter the
ness. distribution of benthic communities by

exclusion (Woodin, 1974) or recruitment
Bioturbation at fine sand stations (3, (Eckman, 1983). The presence of tubes
4, 5, 7, 8, 9, and 10) was dominated by also increases the small scale micro-
macrofauna of two contrasting life topography or bottom roughness.
styles (Table 11). The most obvious con-
tribution to sediment reworking was by As seen in Figures 11 and 12, the dis-
the surface deposit feeding sand dollar tribution of sand dollars, (Echinarach-
Echinarachnius parma. E. parma individu- nius parma), and amphipod and polychaete
als burrow just below the sediment sur- tubes was patchy. Negative correlation
face, feeding on faunal and'detrital ma- between the densities of E. parma and
terial (Fig. lla). Parker (1927) and polychaete and crustacean abundances
Parker and Van Alstyne (1932) found that reflects interaction between these two
E. parma buries by creating mounds of life styles. Reworking of the sediment
sand and burrowing in (Fig. llb). Sand by feeding and locomotion activities of

23
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Table 11. Life history data for the twenty most abundant species
collected at the WEAP experimental site, 25 May 1982.

Species Purchase Type Feeding Type References

Polychaeta

Clymenella torquata infauna-tube deep non-selective 1,8

deposit

Drilonereis magna Infauna-free carnivore 1

Drilonerels longa Infauna-free carnivore 1

Gonlada maculata Infauna-free carnivore I

Glycera capitata Infauna-free detrltivore-carnivore I

Laonice cirrata epifauna- tube surface deposit I

Cumacea

Eudorellopsis Infauna-free selective deposit 7

deformis filter feeder

Isopoda

Cyathura burbanckl infauna-free deposit feeder-carnivore 5,6

Amphipoda

Ampellsca verrilli epifauna-tube filter surface 10

Ampelisca vadorum eplfauna-tube filter surface 2

Ampelisca agasslzl epifauna-tube filter surface 10

Byblis serrata epifauna-tube filter surface 11

Microdeutopus eplfauna-tube surface deposit 5,6

gryllotalpa feeder

Unclola Irrorata epifauna-tube selective deposit 3

Corophlum bonelll epifauna-tube surface deposit feeder 12

Acanthohaustorlus Infauna-free deposit filter 12

mlllsl feeder

Protohaustorlus infauna-free deposit filter feeder II

wigleyi

Orchomenelia minuta epifauna-free scavenger 7

Stenothoe minuta epifauna-free scavenger 11

Echinodermata

Echlnarachnlus eplfauna-free selective deposit 4

parma

(1) Fauchald and Jumars (1979) (7) Barnes (1980)

(2) Mills (1967) (8) Rhoads (1963)

(3) Sanders (1960) (9) Wigley and Therous (1981)

(4) Pearse et. al (1981) (10) Caracclolo and Steimel (1983) 5
(5) Myers (1977,a) (11) Dickinson and Wigley (1981)

(6) Myers (1977,b) (12) Bousfleld (1973)
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a. sand dollars burrowing just b. sand dollars creating mounds

below the surface by burrowing activity

10 cm

AV

c. sand dollar righting d. dense concentrations of sand
dollars

Figure 11. Photographs of Echinarachinus parma, (sand dollar) burrowing
activities at the WEAP experimental site.
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E parma destroys the stable beds of Sand dollars occurred in patches with

dense amphipod and polychaete tubes densities so great as to create an over-
while predation by adult amphipods and lapping "pavement" of live animals (Fig.

polychaetes reduces Che recruitment of 11). These patches, as large as the
newly settled sand dollar larvae. The areal coverage of the photographs, may
interplay of those two life styles to- act as singlb point scatterers and be

gether with geological and hydrodynamic important for all frequencies used in

processes (next section) maintain the these experiments.
patchy distribution of these two groups

of benthos. The sediment microtopography created by
E. parma includes a patchy distribution

* . - Surface objects that have dimensions of mounds and depressions that were only
longer than the acoustic wave length are slightly larger than the sand dollars.
important scatterers of acoustic energy. These features may cause resonance scat-
Wavelengths for compressional waves tering. Fine scale roughness with wave-
traveling at 1471 m/sec for the frequen- lengths of X/2 cos e (0, grazing angle;

cies used for this experiment (5-80 kHz) A, acoustic wavelength) cause most reso-
range from 29.4 to 1.8 cm. It is appar- nance scattering. At the i-i0* graz-
ent that individual sand dollars, (E. ing angles important for this experi-
para) with a mean diameter of 3.5 cm ment, resonance scattering would be
(range 2.5 to 4.1 cm) were important important for bottom roughness wave-
surface point scatterers at 80 kHz and lengths of 15 cm at 5 kHz and 1 cm at 80
probably 40 kHz. It is doubtful that kHz.

S"--" individual tubes of amphipods and poly-

chaetes, with the longest dimension of It is not known if the density of tube
about 0.5 cm, were important sound scat- dwelling amphipods and polychaetes is
terers in Project WEAP. high enough to profoundly change the

stability or physical properties of fine
sand sediments. The highest densities of
surface tube dwelling macrofauna were

found at Stations 5 and 9 (approximately

750 individual/m2 ). Mills (1967), Fager
(1964), Wooden (1976) and others have
found much higher densities of tube

dwellers. Densities of tube dwellers
derived from photographs also suggest
the maximum density of tube dwellers has
not been reached. Analysis of grain size

distribution shows no enrichment of silt
- or clay size particles in the upper few

centimeters of sediments as might be

expected if suspension feeders were de-
4t positing material at the sediment-water

interface.

- , These observations suggest that in the
*- fine sand sediments, bioturbation by E.
. parma is the most important biological

process relative to sediment microtopo-

10 cm graphy and surface scattering character-
istics.

Figure 12. Photographs of tube dwelling

amphipods at the WEAP experimental site
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The coarse sand stations (6, 11, 12, and cuestas, and terraces) and second-order
*.,. 13) were dominated by free-living car- (ridge and swale topography) morphologic
- nivorous polychaetes (Driloneris magna, features are well-charted and their for-

N D. longs, Goniada maculata, and Glycera mation understood (Duane et al., 1972;
capitals) and the deep non-selective Swift, et al., 1972; Swift et al., 1973;
deposit feeding polychaete Clymenella Schlee, 1973; Freeland and Swift, 1978).
torquata. It is doubtful that the free It should, thefore, be possible to pre-
burrowing polychetes would have a major dict sediment geoacoustic propertics
impact on microtopography or sediment from the distribution of these first and

* geoacoustic properties, but the tube- second order features.
dwelling polychaete Clymenella torquata
has been reported to have major influ- Unfortunately, the experiment was sited
ence on sediment properties (Rhoads, at the southern terminus of a drowned
1963, 1967; Mangum, 1964; Aller, 1978). barrier spit. The drowned barrier spit-
Specimens of C. torquata normally in- lagoon-headland complex described by
habit sandy substrates along the east McMaster and Garrison (1967) is a very
coast of North America. These maldanids complex sedimentary area. The distribu-
orient vertically in their tubes ingest- tion of surfical sediment in this area
ing sediment at depth and depositing it is controlled by historical and modern
on the surface (Mangum, 1964). This processes. The iron-oxide rich coarse
"conveyer belt feeding" (Sensu and sand is a relict lag deposit of glacial

W Rhoads, 1974), is known to alter the origin. It is probable that large sym-
chemical (Aller, 1978) and physical en- metrical ripples found in the coarse
vironment (Rhoads, 1963). Specimens of sediment are in dynamic equilibrium with
C. torquata not only mix the sediments, major storm events, which are common
creating voids and other heterogeneities along the east coast.
at depth, but create considerable sur-

* face microtopography (Rhoads, 1967). The fine sand sediments are similar to
Although no visual or photographic ob- most sediments found on the middle At-
servations were made of sediments con- lantic sand plain described by Schlee
tamning C. torquata (Stations 6 and (1973) and Freeland and Swift (1978).
11 in particular), the large size and These sediments are well-sorted and sim-
high densities suggest this polychaete ilar to beach sand from the Atlantic

* could be responsible for considerable coast. The sand was probably deposited
surface roughness and geoacoustic heter- during previous glacial regressions but
ogenity. Rhoads (1967) calculated a sed- is in dynamic equlibrium with present
iment turnover rate of 274 ml/yr for hydrological conditions. The sand ridges
individuals of C. torguata. The volume formed of these well-sorted sands mi-
of sediment turned over each year would grate during the periodic severe storms.
therefore be 460 liters at Station 11 The size and location of these ripples
(274 ml x 1680 worms), which is more probably change with season, as does the
than double the volume occupied by 1680 the interface between coarse and fine
polychaetes. The time required for 1680 sand. Side scan image-" techniques were

- worms to cycle 200 liters of sediment required to deline,- the distribution
(the volume of sediment occupied by the of both sediment types at the time of
worms) is calculated to be 0.42 yr. the experiment. Had the experiment been

sited in water 10 m deeper we believe
II. Effects of Physical Process on Sediment the sediment geoacoustic properties

Geoacoustic Properties would have been predictable. Sediment
would have had the same geoacoustic

The inner continental shelf of the mid- properties as the fine sand described in
dle Atlantic Bight is covered by a vast this report. Sediment microtopography

A sand plain (Swift et al., 1973). The could have been predicted from recent
first-order (shelf valleys, massifs, meteorological data coupled with a
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knowledge of the distribution of benthic of acoustic and environmental data with-
fauna. in each patch must still be low; the

grain of patch size of acoustic and en-
III. Recommendations for Future Experiments vironmental data must be matched.

Basic physical and empirical submodels The WEAP site was chosen for its homo-
are required to extrapolate acoustic geneity in sediment properties, so, the

" bottom reverberation prediction beyond first philosophy was selected. Unfor-
the measured acoustic data bases. One of tunately, as seen from these data, such
the important goals of this project was was not the case. The WEAP site contain-
to collect the high quality acoustic and ed a patchy distribution of two differ-
environmental data required for this ent substrate types with different
submodel development and verification, biological, geoacoustic, and sediment
Ideally, these data should be collected roughness properties. With the equipment
from the same location and as close to and time available it was impossible to
the same time as possible. The narrow employ the second philosophy and deter-
beam-width and absence of side lobes of mine the distribution of values of envi-
the acoustic signals generated by NUSC ronmental parameters for the entire
parametric source make this system ideal insonified area. The following recommen-

%' for this data collection. The area in- dations are, therefore, made for future
sonified is small, and its exact loca- experiments.
tion known. Acoustic parameters such as
frequency, pulse length, and grazing an- An extensive presite survey of possible

' gle can be easily controlled. experimental sites is required. Large
..'. scale mapping of major sediment types is

Two philosophies of environmental data best accomplished using side-scan sonar
collection could have been used to gen- classification techniques in combination
erate the required environmental data. with remote underwater television obser-
The first philosophy would be to deter- vations and remote sediment sampling for

1. mine the statistical variability of en- ground truthing. After the experimental
vironmental parameters (seafloor rough- site has been chosen, direct sampling to
ness; sediment mean grain size, density, determine the variability of sediment
porosity; compressional wave velocity biological, geoacoustic, and sediment

and attenuation of sediment; distribu- roughness properties is required. In-
tion and abundance of fauna) for the situ probes are the best sampling tech-
insonified area. These data could then niques for sediment geoacoustic proper-

~. be compared to the complex envelope sta- ties. Remote sampling with box cores can
tistics for the scattered acoustic sig- also be used to collect relatively un-
nals for each frequency, pulse length, disturbed sediment samples for geoacous-
and grazing angle used in the experiment tic measurements. Considerable attention
without regard to actual location of the must be paid, not only to surficial sed-
insonified area. This philosophy of data iment geoacoustic properties, but to the
collection requires that the variability presence of inhomogenetties and point
of acoustic and environmental data be scatterers within the sediment.
low enough to generate submodels with
the precision required for weapon system Direct observations and data collection
design. by (scuba) divers are preferred to re-

mote sampling when possible. If the

The second philosophy would be to deter- water depth is beyond scuba divers'

mine the distribution of values of en- range, remote in-situ sampling monitored
6' vironmental parameters for the entire by underwater television cameras can be

insonified area. Environmental and a- effective. Insight into biological and
coustic data could then be compared for bottom roughness characteristics can be
each patch insonified. The variability determined both by scuba divers and by
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underwater television observations, or hand operated profilers. Overlapping
These techniques cover different patch stereo-photographs and acoustic micro-
sizes and both should be used when pos- profilers generate more detailed data
sible. but can be quite expensive.

Analyses of all data and observations Biological samples can be collected with
from the presite survey can be used to diver operated or remotely collected box
site the experiment in a homogeneous cores for small macrofaunal animals.
area or at least in an area where heter- Megafauna must be collected with nets or
ogeneities can be predicted and mapped. observed by scuba divers or underwater

0 It is important that the patch size of television. The insights of trained ben-
sediment types in heterogeneous areas is thic ecologists are required to inter-
much larger than the size of the insoni- pret this type of data. Laboratory ex-
fied area. It is preferable to conduct a periments using dominant species found

series of experiments in different but in the study area may be required to
-  homogeneous areas compared to complex determine the rates and types of biotur-

areas with a variety of sediment types. bation by both megafauna and macrofauna.
DThis data may be required to understand
During or after the acoustic experiment, the effects of these animals on sediment
an extensive environmental site charac- geoacoustic properties and microtopo-
terization is required. Physical and graphic features.
empirical geoacoustic submodels require

- the input parameters listed in Table 12
to predict acoustic backscatter and Table 12. Environmental input parameters
forward scattering. Not all models re- for physical and empirical geoacoustic

*. , quire all parameters as inputs although:., submodels
as many as possible should be measured
so different or new submodels can be
developed and validated. If the bottom I. Sediment Physical Properties
is relatively homogeneous, data collec-
tion should concentrate on determining A. Porosity
the depth distribution and horizontal B. Grain size distribution statistics
variability of these parameter values. c. Density
More samples will be required to deter- D. Compressional wave velocity and attenuation

* mine the within-patch variability if the E. Shear wave velocity and attenuation
bottom is heterogeneous. Side-scan sonar F. Surface point scattering strength and
mosaics can then be used to determine distribution

* the distribution of patches so acoustic G. Volume scattering strength and distribution
and environmental data can be compared H. Bottom Impedance

- for the same patch. I. Faunal densities and distribution
J. Rates of bioturbation

As with the presite survey, in-situ sam- K. Permeability
pling of sediment geoacoustic properties L. Percent organic carbon
with scuba diver operated probes is M. Percent CaCO
best. Remote in-situ sampling can be 3

monitored by underwater television cam- N. Shear strength

eras in deeper water. Scuba diver col-

lected sediment samples are preferred if
in-situ probes are not availble. Box 1I. Sediment topography

core type samplers collect the least
disturbed samples in deeper water. A. Slope probability density

B. RMS roughness
Sediment microtopography can be deter- C. Power spectrum of fine scale bottom

- mined from overlapping stereophoto- roughness
graphs, sediment acoustic microprofilers,

.2
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The acoustic experiment was sited at the southern terminus of a drowned
barrier spit in 35 m of water. Sediment and faunal samples were col!octed

2remotely with a 0.025 m box core. Diver (scuba) collected sediment cores
were obtained to measure sediment geoacoustic properties.

Two sediment types (fine sand and coarse sand) were evident from the labora-
tory analysis of sediment grain size. Fine sand sediments had lower values
of compressional wave velocity, impedance, and bulk density; lower reflec-
tion coefficients and higher bottom loss and attenuation values than coarse
sand sediments.

a..-.

Geoacoustic Property Sediment Type
Fine Sand Coarse Sand

Mean Grain Size (0) 2.07 0.00
Porosity () 3 36.5
Sediment Density (g/cm3 ) 2.05 2.37
Compressional Wave Velocity
(m/sec) @ 6*C, 32.4 ppt, 36 m 1677 1728
Attenuation (k) 2 0.22 0.17
Sediment Impedance (g/cm sec

10 5) @ 60 C, 32.4 ppt, 36 m 3.41 4.1
Rayleigh Reflection Coefficient 0.39 0.46
Bottom Loss (dB) @ normal
incidence 8.3 6.7

Measured compressional wave velocity values were 3 to 5 percent lower than
the values derived from empirical predictor equations for fine sand sedi-
ments, while attenuation values were one-half predicted values. We estimate
that predicted compressional wave velocity for coarse sand was 8 percent
higher than actual values. We, therefore, calculated sediment geoacoustic
properties for coarse sand sediments based on compressional wave velocity of
1728 m/sec instead of the empirically predicted 1878 m/sec. This yielded
lower than predicted (from mean grain size) sediment impedance and reflec-
tion coefficients and higher bottom loss. Estimated attenuation values were
also lower than those empirically predicted.

The within core and within station variability of sediment geoacoustic prop-
erties was low, partially a result of sediment mixing by benthic inverte-
brates. The areal (between station) variability in sediment geoacoustic
properties was high because present hydrodynamic and historical geological
processes created a two sediment system: a light-colored, well-sorted, fine
sand discontinously covered a reddish, coarse, granular sediment.

The fine sand was similar to most sediments found on the middle Atlantic
Sand Plain. This sediment was derived from weathering products transported
from adjacent land during previous glacial regressions. The reddish coarse
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(continued from Block 20)

sand was a lag deposit formed from the erosion of the drowned barrier spit.
The fine sand was in dynamic equilibrium with severe storms which occur in
this area while the coarse sand was in equilibrium with rarer, very severe
storms. The areal distribution of these sediment types was not predictable
from historical data and probably changes with season and severe storm
events. Side scan sonar imagery techniques are required to delineate the

70 distribution of both sediment types. Had the experiment been sited 10 m
deeper sediment geoacoustic properties and microtopography could have been
more precisely predicted, because of less heterogenity in sediments.

The distribution of faunal assemblages paralleled the distribution of sedi-
ment types. The fine sand substrate (Stations 3, 4, 5, 7, 8, 9, and 10) was
dominated by tube-building ampeliscid amphipods, free-burrowing haustoriid
amphipods, and the sand dollar, Echinarachnius parma. Amphipods contributed
55 percent of the faunal density at these stations while sand dollars ac-
counted for 79 percent of the biomass. The coarse sand substrate (Stations
6, 11, 12, and 13) was dominanted by the errant polychaetes Drilonereis
magna, Drilonereis longa, Goniada maculata and Glycera capitata. Also abun-
dant was the tube-dwelling polychaete Clymenella torquata.

Bioturbation by the sand dollar, Echinarachinius parma, mixed the upper few
centimeters of sediment, changing sediment geoacoustic properties and modi-
fying and distroying microtopography. E. parma probably contributes to
surface forward and backscatter at 40 and 80 kHz where their calcareous
bodies act as point surface scatterers, and at all frequencies where sand
dollars overlap. The sediment microtopography created by E. parma probably
contributes to resonance scattering of all frequencies used in Project WEAP
(5 to 80 kHz).

It is estimated that, the tube dwelling polychaete Clymenella torquata turns
over the upper 20 cm of sediment at one station in 0.42 yr. This activity
may create considerable microtopography and sediment volume heterogeneity in
geoacoustic properties, which probably contributes to resonance and volume
scattering at the coarse sand stations.

Recommendations for future shallow-water acoustic experiments are given.
Collection of in-situ environmental data is suggested. The use of extensive
presite surveys is strongly urged in order to site the experiment in a homo-
geneous area or at least in an area where heterogeneities can be predicted
and mapped. Detailed methodologies and philosophies for environmental sam-
pling are given. These approaches should yield the physical and empirical
submodels required to extrapolate acoustic bottom reverberation prediction

40 beyond the measured data.
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